I review the three principal methods to assign meaning to recursion in process algebra: the denotational, the operational and the algebraic approach, and I extend the latter to unguarded recursion.
Process Algebra
In process algebra, processes are often modelled as closed terms of single-sorted specification languages. Definition 1 Let Var be a set of variables. A signature is a set of pairs ( f , n) of a function symbol f / ∈ Var and an arity n ∈ AE. The set Ì(Σ) of terms over a signature Σ is generated by:
A function S as appears in the last clause is called a recursive specification. A recursive specification S is often displayed as {X =S X | X ∈V S }. An occurrence of a variable y in a term t is free if it does not occur in a subterm of the form Sometimes, only a subset of Ì(Σ) is given a semantics, for instance by restricting to terms satisfying a syntactic criterion of guardedness.
Another approach lacks the recursion construct itself, but declares a single recursive specification
for the entire language [4] . A term t in such a language can be seen as a the term 
Denotational, Operational and Algebraic Semantics
The standard (denotational) semantics assigns to each function ( f , n) ∈ Σ an n-ary operator f n : n → . The semantics of a recursion-free expression t is then given by
Three approaches appear in the literature to give semantics to recursion. The denotational approach [2] 
recognises [[ S ]] as having type Var\V
For this least fixed point to exists, either , equipped with a suitable preorder ⊑, needs to be a complete lattice, with the operators f monotonic, or ( , ⊑) be a c.p.o., with the f continuous, or be a complete metric space, with the f contracting (or some variation on this theme).
The operational approach [4] is based on a set of inference rules that derive a collection of (labelled) transitions between closed terms. The semantic domain is now the collection of process graphs (S, T, I), with S a set of states, T a set of transitions between states, and I ∈ S an initial state, possibly subject to some cardinality restrictions. The operational semantics [[ P ]] of a closed term P takes S to be the set of closed terms, I = P, and T the derivable transitions. The semantics of open terms can be dealt with by encoding the process graphs ρ(X ) for X ∈ Var as constants in an appropriate extension of the process algebra. This approach covers the meaning of recursion constructs too.
Let guardedness be a criterion on recursive specifications, such that if S is guarded then is has a unique solution, meaning that if ρ i for i = 1, 2 are valuations with ρ 1 (Z) = ρ 2 (Z) for all Z ∈ Var \V S , and 
Extending the Algebraic Approach to Unguarded Recursion
In [3] I proposed an extension of the algebraic approach to unguarded recursion. An expression
